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IMAGE PROCESSING APPARATUS AND
METHOD IN WHICH FIRST AND SECOND
IMAGES ARE COMBINED IN A WEIGHTED
MANNER BASED ON A THIRD IMAGE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a technique for generating
an image, a dynamic range of which is extended.

2. Description of the Related Art

In recent years, a so-called HDR (High Dynamic Range)
technique for generating an image, a dynamic range of which
is extended compared to an image obtained by normal imag-
ing in an imaging apparatus such as a digital camera, is
known. More specifically, an image processing method using
the HDR technique can create an image (HDR image), a
dynamic range of which is extended by combining a plurality
of images captured to have different exposures.

However, in the HDR image created in this way, since a
plurality of images are combined, multiple edges may appear
at an edge portion of the obtained image due to the influences
of image blurs and shakes acting on the imaging apparatus.
Such multiple edge phenomenon in the created HDR image is
notably confirmed especially at a boundary portion between
high- and low-lightness portions.

The multiple edge phenomenon in the HDR image will be
described in detail below using the drawings. Note that an
example of creating an HDR image by combining two images
having different exposures will be explained for the sake of
simplicity.

For example, a framing in which a person as a main subject
stands in a backlight relationship with respect to a back-
ground image with a high luminance value, as shown in FIG.
4A, will be examined below. In an image captured at that
time, since a region where the main subject is rendered is a
low-luminance region, when the main subject has moved or
when the imaging apparatus has been shaken, multiple edges
appear at a boundary portion between the main subject and
background in an HDR image.

Atthis time, when a horizontal line 401 of the image shown
in FIG. 4A is selected as a line of interest, in a low-exposure
captured image and a high-exposure captured image, which
are to be combined, pixel values D, and D, at x-coordinates
of that horizontal line show behaviors shown in FIG. 5A. In
FIG. 5A, the pixel values of the two images have different
coordinates where the pixel values lower, due to the motion of
the main subject or shakes of the imaging apparatus. Note that
the exposure of the high-exposure captured image is four
times that of the low-exposure captured image, and the pixel
value of the high-exposure captured image is saturated in a
high-luminance background region in the example shown in
FIGS. 5A to 5F.

In order to combine two images having different expo-
sures, the two images undergo gamma conversion or trans-
formation. Since these images have different exposure con-
ditions, the gamma conversion is done using different
conversion characteristic curves for the respective images, as
shown in FIG. 5B. In this manner, gamma conversion outputs
G; and G, which are converted in this way, show behaviors
shown in FIG. 5C.

As can be seen from the gamma conversion outputs of the
two images having different exposures, the high-exposure
captured image whose background region is saturated exhib-
its gamma conversion output that is different from that of the
low-exposure captured image in the background region. Also,
in the low-exposure captured image, shadow saturation tends
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to occur in a low-luminance region generally, and a subject is
not sharply expressed in thatregion. That is, an HDR image to
be created preferably uses a low-exposure captured image for
a high-luminance region, and a high-exposure captured
image for a low-luminance region.

For this purpose, as an image having a reference exposure
required to create an HDR image, a low-exposure captured
image free from any saturated region is selected, and an
adding coefficient K shown in FIG. 5D is decided according
to a gamma conversion output G, of that image. The adding
coefficient K is that which is decided in advance to decide a
combining method of a low-exposure captured image and
high-exposure captured image in an HDR image to be cre-
ated, and a gamma output G, of the HDR image can be
expressed by:

G ,=KxG+KKx Gy (1)

The adding coefficient K changes from 0 to 1 within a prede-
termined gamma conversion output range, as shown in, for
example, FIG. 5D. Also, an adding coefficient KK is given by
(1-K). More specifically, the two images, that is, the low-
exposure captured image and high-exposure captured image
are combined within a range of 0<K<1, only the low-expo-
sure captured image is used in creation within a range of K=1,
and only the high-exposure captured image is used in creation
within a range of K=0.

The gamma conversion output of the HDR image created
in this way shows a behavior shown in FIG. 5E. As can be seen
from FIG. 5E, when the images having the different expo-
sures, which are used to create the HDR image, suffer any
image blurs or shakes of the imaging apparatus at their cap-
turing timings, an image of a high-luminance region of the
high-exposure captured image is combined in a low-lumi-
nance region. In this case, the multiple edge phenomenon
called a pseudo edge occurs at a boundary between low- and
high-luminance regions in the created HDR image.

As described above, when images to be combined suffer
any image blurs or shakes of the imaging apparatus at their
capturing timings, multiple edges often appear at a boundary
between low- and high-luminance regions, resulting in an
image quality drop of the HDR image and an unnatural feel-
ing of the user.

Japanese Patent Laid-Open No. 2009-010566 discloses a
technique for eliminating multiple edges in a combined
image such that density values are averaged in the vicinity of
aboundary of different intensities by setting one of a plurality
of images having different exposures as an image having a
reference exposure, and applying an averaging filter to the
selected image.

Also, Japanese Patent Laid-Open No. 2005-223769 dis-
closes a technique for detecting a difference between gamma
conversion outputs of two images to be combined having
different exposures in a given region, and creating an image
by selecting a low-exposure captured image when the differ-
ence is larger than a threshold or a high-exposure captured
image when the difference is smaller than another threshold.

However, with the technique of Japanese Patent Laid-Open
No. 2009-010566 above, since the averaging processing is
applied to the vicinity of a boundary of different intensities,
the following unnatural combining processing may be
unwantedly done while combining processing of images in
the vicinity of the boundary. That is, since the averaging
processing is applied to the vicinity of the boundary, a high-
light-saturated high-exposure captured image is combined in
a high-luminance region, or a shadow-saturated low-expo-
sure captured image is combined in a low-luminance region.
For this reason, since a white region is combined in the
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high-luminance region and a black region is combined in the
low-luminance region to sandwich the boundary, an unnatu-
ral HDR image is likely to be created.

With the technique of Japanese Patent Laid-Open No.
2005-223769, fine pseudo edges are generated in a region
with a small difference value of the gamma conversion out-
puts in a region which exhibits a steep luminance gradient.

SUMMARY OF THE INVENTION

The present invention has been made in consideration of
the aforementioned problems of the related arts. The present
invention provides a naturally combined image, a dynamic
range of which is extended, even when image blurs or shakes
of an imaging apparatus have been generated.

The present invention in its first aspect provides an image
processing apparatus comprising: an obtaining unit config-
ured to obtain a first image captured using a first exposure and
a second image captured using a second exposure different
from the first exposure; a creating unit configured to create a
third image as a reference for combining processing from the
first image; and a combining unit configured to perform
weighted combination of respective pixels of the first image
and the second image using adding coefficients, which are
associated with pixel values of the third image, wherein cre-
ating the third image includes setting, to a maximum pixel
value of pixels within a pre-set range of each pixel of the first
image as the center, a pixel value of the pixel selected as the
center.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments (with reference to the attached drawings).

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing the functional arrange-
ment of a digital camera according to an embodiment of the
present invention;

FIG. 2 is a block diagram for explaining processing
required to create an HDR image according to the embodi-
ment of the present invention;

FIG. 3 is a circuit diagram showing the circuit arrangement
of a reference intensity creation unit according to the first and
second embodiments of the present invention;

FIGS. 4A and 4B are views showing scene examples upon
creation of an HDR image according to the embodiment of
the present invention;

FIGS.5A,5B,5C, 5D, 5E, and 5F are graphs for explaining
problems at the time of creation of an HDR image in the
related art;

FIGS. 6A, 6B, 6C, and 6D are graphs for explaining pro-
cessing in a signal processor according to the first embodi-
ment of the present invention;

FIGS. 7A, 7B, 7C, and 7D are graphs for explaining pro-
cessing in a signal processor according to the second embodi-
ment of the present invention;

FIG. 8 is a circuit diagram showing the circuit arrangement
of a reference intensity creation unit according to the third
embodiment of the present invention;

FIGS. 9A, 9B, 9C, 9D, 9E, 9F, and 9G are graphs for
explaining processing in a signal processor according to the
third embodiment of the present invention; and

FIG. 10 is another graph for explaining processing in the
signal processor according to the third embodiment of the
present invention.
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4
DESCRIPTION OF THE EMBODIMENTS

First Embodiment

Preferred embodiments of the present invention will be
described in detail hereinafter with reference to the drawings.
Note that embodiments to be described hereinafter will
explain an example in which the present invention is applied
to a digital camera as an example of an image processing
apparatus, which can create one image, a dynamic range of
which is extended using a plurality of images having different
exposures. However, the present invention is applicable to an
arbitrary device which can create one image, a dynamic range
of which is extended using a plurality of images having dif-
ferent exposures.

FIG. 1 is a block diagram showing the functional arrange-
ment of a digital camera 100 according to an embodiment of
the present invention.

A controller 101 is, for example, a microcomputer, and
controls operations of respective blocks included in the digi-
tal camera 100. The controller 101 controls the operations of
the respective blocks by reading out operation programs of
the respective blocks included in the digital camera 100,
which programs are stored in, for example, a ROM 102, and
expanding and executing them in a RAM 103. The ROM 102
is, for example, an electrically rewritable non-volatile
memory such as an EEPROM, and stores information such as
setting values required for the operations of the respective
blocks in addition to the operation programs of the respective
blocks included in the digital camera 100.

The RAM 103 is a volatile memory, and is used not only as
an expansion area of the operation programs of the respective
blocks included in the digital camera 100 but also as an area
for temporarily storing intermediate data and the like, which
are output during the operations of the respective blocks. A
memory controller 108 is a block which controls data read
and write accesses to the RAM 103, and operates under the
control of the controller 101.

Note that this embodiment will give the following descrip-
tion under the assumption that the operations of the respective
blocks included in the digital camera 100 are controlled by the
operation programs of the blocks. However, the present
invention is not limited to this, and the respective blocks may
be configured by circuits which execute the same processes as
the corresponding operation programs.

An imaging unit 105 is, for example, an image sensing
element such as a CCD or CMOS sensor. The imaging unit
105 photoelectrically converts an optical image formed on the
image sensing element via an optical system 104, and outputs
an obtained analog image signal to an A/D converter 106. The
A/D converter 106 applies A/D conversion processing to the
input analog image signal, thus outputting a digital image
signal.

In this embodiment, the imaging unit 105 captures two
types of images having different exposures by setting differ-
ent exposure times, and two images obtained after the A/D
conversion processing of the A/D converter 106 are stored in
the RAM 103. Note that an image obtained based on a short
exposure time will be referred to as a “low-exposure image”,
and an image obtained based on a long exposure time will be
referred to as a “high-exposure image” hereinafter.

A signal processor 107 is a block which applies various
kinds of image processing to a captured image. In this
example it is assumed that the signal processor 107 can
execute, for example, processing for detecting and correcting
a positional deviation of a subject between the low- and
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high-exposure images, and the like in addition to combining
processing for creating an HDR image, a dynamic range of
which is extended.

(HDR Image Creation Processing)

Practical HDR image creation processing of the digital
camera 100 of this embodiment with the aforementioned
arrangement will be described below with reference to FIG. 2.
FIG. 2 is a block diagram showing the processing to be
executed by the signal processor 107, so as to explain the
creation sequence of an HDR image from a low-exposure
image and high-exposure image stored in the RAM 103.

A low-exposure image and high-exposure image read out
from the RAM 103 by the memory controller 108 are input to
the signal processor 107. The low-exposure image and high-
exposure image input to the signal processor 107 undergo
gamma conversion processes respectively in a low-exposure
gamma converter 201 and high-exposure gamma converter
202. Note that this embodiment will explain creation of an
HDR image in an imaging scene shown in FIG. 4A as in the
aforementioned description of an HDR image. Also, assume
that the conversion characteristics of the gamma conversion
process applied by the high-exposure gamma converter 202
upon creation of the HDR image use conversion characteris-
tic curves shown in FIG. 5B as in the above description.

The low-exposure image which has undergone the gamma
conversion process is output from the low-exposure gamma
converter 201 to a reference intensity creationunit 203, which
creates a reference intensity image. The reference intensity
image is an image used as a reference required to decide how
to combine the low- and high-exposure images to create an
HDR image, and the aforementioned adding coefficient K is
decided using an intensity of the reference intensity image.
Note that this embodiment will give the following description
under the assumption that the low-exposure image is used as
an image having a reference exposure. However, the present
invention is not limited to this, and the high-exposure image
could be used in other embodiments.

The creation method of the reference intensity image in
this embodiment will be further explained using the draw-
ings. In this embodiment, in order to avoid appearance of
multiple edges in an HDR image, the contribution of an edge
in the high-exposure image is controlled to be reduced in a
low-luminance region in the combined HDR image. More
specifically, the intensity of the reference intensity image
output from the reference intensity creation unit 203 is set to
be high in the low-luminance region. That is, a high adding
coefficient of the low-exposure image is set in order to reduce
an adding coefficient of an edge of the high-exposure image,
which may suffer image blurs or shakes of an imaging appa-
ratus and may be combined in the low-luminance region in
the vicinity of a boundary between low- and high-luminance
regions.

In this way, the reference intensity creation unit 203 modi-
fies information of an intensity of the low-exposure image
obtained by the gamma conversion, so as to set an adding
coefficient of an edge of the high-exposure image as a low
intensity in the low-luminance region in the HDR image to be
created. The reference intensity image creation processing
executed by the reference intensity creation unit 203 accord-
ing to this embodiment will be described in detail below with
reference to FIG. 3.

FIG. 3 is a circuit diagram showing the processing to be
executed inside the reference intensity creation unit 203. The
reference intensity creation unit 203 includes a reduction
circuit 301 which executes reduction processing of an image,
an enlargement circuit 302 which executes enlargement pro-
cessing of an image, and a MAX filter circuit 303.
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The reduction circuit 301 executes the reduction process-
ing of an input image after pre-set low-pass filter processing
is applied so as not to cause any aliasing by the reduction
processing.

The MAX filter circuit 303 is a conversion filter which
searches 3x3 surrounding pixels of each pixel of an input
image to have that pixel as the center, and substitutes a pixel
value of a maximum lightness of the surrounding pixels as a
new pixel value of that pixel. That is, in an image output from
the MAX filter circuit 303, a high-lightness region is simply
extended by one pixel in upper, lower, right, and left direc-
tions and, conversely, a low-lightness region is reduced by
one pixel in upper, lower, right, and left directions, compared
to the input image.

In this embodiment, in order to reduce a calculation vol-
ume associated with creation of the reference intensity image,
the conversion processing in the MAX filter circuit 303 is
applied to an image obtained by applying the reduction or
enlargement processing to an image input to the reference
intensity creation unit 203. For example, a case will be exam-
ined below wherein the conversion processing in the MAX
filter circuit 303 is applied to an image obtained by applying
the reduction processing for reducing the number of pixels to
4 respectively in the vertical and horizontal directions twice
in the reduction circuit 301, that is, an image, the number of
pixels of which is ¥i¢ of the input image. At this time, in an
image output from the MAX filter circuit 303, that is, in an
image, the number of pixels of which is V16 of an image input
to the reference intensity creation unit 203, a high-lightness
region is extended by one pixel in the upper, lower, right, and
left directions. Then, when the enlargement circuit 302
applies, to the output image, enlargement processing for dou-
bling the number of pixels respectively in the vertical and
horizontal directions twice, an image having the same num-
ber of pixels as that input to the reference intensity creation
unit 203 can be obtained, and the reference intensity creation
unit 203 outputs that image. That is, a high-lightness region in
the image output from the reference intensity creation unit
203 is extended by four pixels in the upper, lower, right, and
left directions compared to the image input to the reference
intensity creation unit 203.

Since the image having the reference exposure is obtained
by such conversion, even when images used to create an HDR
image have a deviation due to image blurs or shakes of the
imaging apparatus, an edge of the high-exposure image can
be avoided from being combined in the low-luminance
region. That is, the reference intensity creation unit 203
applies the processing for extending the high-lightness region
and reducing the low-lightness region so as to set a high
adding coefficient of the low-exposure image in the low-
luminance region, that is, to set a high intensity of the refer-
ence intensity image in that region.

That is, since an allowable amount (the number of pixels)
of a deviation, which is generated between images used to
create an HDR image due to image blurs or shake of the
imaging apparatus, is set in advance, the processing executed
by the reference intensity creation unit 203 can have a prede-
termined calculation volume each time. In the aforemen-
tioned example, a deviation between the images is allowable
up to four pixels. For example, when a deviation up to six
pixels is allowed, the following processes can be executed.

1. The conversion processing of the MAX filter circuit 303
is applied to an image having the number of pixels which is
Y16 of the image input to the reference intensity creation unit
203.
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2. The enlargement circuit 302 applies the enlargement
processing for doubling the number of pixels respectively in
the vertical and horizontal directions to the image after the
conversion processing.

3. The MAX filter circuit 303 applies the conversion pro-
cessing to the image after the enlargement processing.

4. The enlargement circuit 302 further applies the enlarge-
ment processing for doubling the number of pixels respec-
tively in the vertical and horizontal directions to the image
after the second conversion processing.

In this way, in the image output from the reference intensity
creation unit 203, the high-lightness region can be extended
by the arbitrary number of pixels, and the reference intensity
image which can prevent multiple edges from being com-
bined in a low-luminance region of an HDR image can be
created.

FIG. 6 A shows an intensity G; of the low-exposure image
after the gamma conversion, which image is input to the
reference intensity creation unit 203, an intensity G' of an
image which has undergone only the reduction processing
and enlargement processing, and an intensity G of an image
obtained by the conversion processing in the MAX filter 303.
In such case, as shown in FIGS. 6B and 6C, for the reference
intensity image G obtained after the conversion processing
in the MAX filter circuit 303, the adding coefficient K is 1.0
even at a boundary (edge) between the low- and high-lumi-
nance regions in the high-exposure image. That is, an edge of
the high-exposure image can be avoided from being com-
bined, and an HDR image having an intensity G, shown in
FIG. 6D can be created.

In the description of this embodiment, the allowable
amount of a deviation, which is generated between images
required to create an HDR image due to image blurs or shakes
of the imaging apparatus, is set in advance. However, the
present invention is not limited to this. For example, a gyro
sensor may detect shaking of the imaging apparatus to control
the reference intensity creation unit 203 to execute different
processes according to the shake amount, or a deviation
between images to be combined may be detected to control
the reference intensity creation unit 203 to execute different
processes. When the gyro sensor is used, for example, the
relationship between rotation information of the imaging
apparatus, which is output from the gyro sensor, and the
number of pixels indicating the deviation amount of a subject
between images to be combined may be measured in advance
at the time of manufacture, and the measurement result may
be applied upon capturing images. For example, by the mea-
surements at the time of manufacture, a deviation amount of
a subject is decided to be 5 pixels when a rotation angle in a
pitch direction falls within a range from 0° to 1°, it is decided
to be 10 pixels when the rotation angle falls within a range
from 1° to 2°, it is decided to be 20 pixels when the rotation
angle is 3° or more, and so forth. When the number of pixels
indicating the deviation amount between images is detected
from images to be combined, two images may be searched for
an identical subject image using, for example, a given tech-
nique such as pattern matching, and a motion vector of that
subject may be calculated, thus detecting the number of pixels
indicating the deviation amount. When the number of pixels
indicating the deviation amount of a subject between images
to be combined can be detected, the reference intensity cre-
ation unit 203 may be controlled to set a difference deviation
allowable amount according to the number of pixels. For
example, a value twice the detected number of pixels indicat-
ing the deviation amount of a subject is set as a deviation
allowable amount in consideration of detection errors.
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In this embodiment, the conversion processing to be
applied in the MAX filter circuit 303 has been described as the
processing for conducting a search within a range of 3x3
surrounding pixels having a target pixel as the center. How-
ever, the present invention is not limited to this. That is, the
setting method of a pixel range to be searched with respect to
the target pixel is not particularly limited. For example, a
search may be conducted for 5x5 surrounding pixels although
the processing volume increases. When a search is conducted
for 5x5 surrounding pixels, a reduction ratio of the reduction
processing to be executed in the reduction circuit 301 may be
decreased. That is, the range to be searched having a target
pixel as the center in the MAX filter circuit 303 may be set to
have the number of pixels obtained by multiplying the devia-
tion allowable amount of a subject between images required
to create an HDR image or the detected deviation amount by
the reduction ratio of the reduction processing executed in the
reduction circuit 301.

As described above, even when image blurs or shakes of
the imaging apparatus have been generated, the image pro-
cessing apparatus of this embodiment provides a naturally
combined image, a dynamic range of which is extended.
More specifically, the image processing apparatus obtains a
first image captured using a first exposure, and a second
image captured using a second exposure higher than the first
exposure. Then, the apparatus reduces the first image which
has undergone gamma conversion processing, and converts,
for respective pixels of the reduced image, a pixel value of a
pixel of interest to a maximum pixel value of those of pixels
within a range of the pre-set number of pixels having the pixel
ofinterest as the center. Furthermore, the apparatus enlarges
an image obtained by converting the pixel values up to the
number of pixels of the first image which has undergone the
gamma conversion processing, thereby creating a third image
to be used as a reference for combining processing. Using
adding coefficients, which are associated in advance with
pixel values of the third image created in this way, the first and
second images are weighted-combined, thus creating an
image having extended dynamic range.

With the above processing, even when image blurs or
shakes of the imaging apparatus have been generated during
capturing of images which have different exposures and are
used to create an HDR image, an edge generated due to a
luminance gradient of a high-exposure image can be avoided
from being combined in a low-luminance region. That is, the
image processing apparatus of this embodiment can create an
HDR image free from any multiple edges.

In the above description, an HDR image is created by
combining two images having different exposures. Also, the
present invention may be applied to a case in which an HDR
image is created by combining three or more images having
different exposures. For example, a case will be described
below wherein three images G,, G,, and G; having different
exposures (which meet G, <G,<G;) are combined to create an
HDR image using weighted-adding coefficients K, K,, and
K; shown in FIG. 10.

In FIG. 10, the ordinate plots a weighted-adding coeffi-
cient, and the abscissa plots a reference intensity created from
the lowest-exposure image G,. That is, all the weighted-
adding coefficients are decided with reference to the refer-
ence intensity created from the lowest-exposure image G,.

Initially, an intermediate HDR image G, is created by
HDR-combining the images G, and G,. That is from equation
(D), G 5=K %G +K,xGo.

Next, a final HDR image G, is created by HDR-combining
the images G,, and G;. That is, from equation (1), G,=1x
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G ,+K;xG;. The same reference intensity image as that used
to create the intermediate HDR image G, is used.

According to this embodiment, even when three or more
images having different exposures are combined to create an
HDR image, since the lowest-exposure image is used as the
reference intensity, weighted-adding coefficients for all light-
ness levels from a low exposure to a high exposure can be
calculated from one reference intensity image.

Second Embodiment

The aforementioned first embodiment has exemplified the
case in which a high-luminance background region includes
a low-luminance region of a person as a main subject, as
shown in FIG. 4A. This embodiment will explain HDR image
creation processing when a low-luminance region includes a
small high-luminance region formed by, for example, sun-
shine streaming through leaves or spot light, as shown in FIG.
4B.

In case of the scene shown in FIG. 4B, the small high-
luminance region is extended by applying conversion pro-
cessing in the MAX filter circuit 303 as in the aforementioned
embodiment. However, even in such small high-luminance
region, when an adding coefficient of a low-exposure image is
set to be high, a small region surrounded by a shadow-satu-
rated image is generated, thus giving an impression of an
unnatural image to the user. For this reason, this embodiment
will explain processing executed when a size of a small high-
luminance region, which is determined to skip intensity cor-
rection of an image having a reference exposure, is set in
advance.

For example, when the size of a small high-luminance
region, which is determined to skip intensity correction, is set
in advance to be 16 pixels, and when an allowable amount of
a deviation generated between images required to create an
HDR image is four pixels, the reference intensity creation
unit 203 creates a reference intensity image as follows.

1. The reduction circuit 301 executes reduction processing
for reducing the number of pixels of an image input to the
reference intensity creation unit 203 to Vis respectively in the
vertical and horizontal directions.

2. The enlargement circuit 302 applies enlargement pro-
cessing for enlarging the image after the reduction processing
to an image having the number of pixels four times of that
image respectively in the vertical and horizontal directions.

3. The MAX filter circuit 303 applies conversion process-
ing to the image after the enlargement processing.

4. The enlargement circuit 302 further applies enlargement
processing for enlarging the image after the conversion pro-
cessing to an image having the number of pixels four times of
that image respectively in the vertical and horizontal direc-
tions.

That is, since the reduction circuit 301 executes the reduc-
tion processing to the number of pixels, which allows to
determine that there is no small high-luminance region or that
a luminance gradient of that region is not steep, intensity
correction for that region can be skipped. Furthermore, the
enlargement processing is applied to an image input to the
reference intensity creation unit 203 to increase the number of
pixels to four times respectively in the vertical and horizontal
directions. Then, the conversion processing in the MAX filter
circuit 303 is executed, thereby creating a reference intensity
image which can allow a deviation between images up to four
pixels.

FIG. 7A shows an intensity G, of a low-exposure image
after the gamma conversion, which is input to the reference
intensity creation unit 203, an intensity Gz' of an image
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obtained after only the reduction processing and enlargement
processing, and an intensity G of an image obtained by the
conversion processing in the MAX filter circuit 303 on a
horizontal line 402 of the image shown in FIG. 4B. As can be
seen from FIG. 7A, an image is converted by the reduction
processing to a size which allows to determine that a lumi-
nance gradient of a small high-luminance region is not steep.
In such case, in the reference intensity image G obtained by
executing the conversion processing in the MAX filter circuit
303, an adding coefficient K is less than 1.0 in a high-lumi-
nance region, as shown in FIGS. 7B and 7C. That is, a
shadow-saturated portion of a low-exposure image can be
prevented from being combined to a portion around a small
high-luminance region, and an HDR image having an inten-
sity G, shown in FIG. 7D can be created.

Inthis manner, even when a small high-luminance region is
included, the method determines that intensity correction of
an image having a reference exposure is skipped, and, an
HDR image which does not give any unnatural impression to
the user can be created.

Third Embodiment

The aforementioned first and second embodiments have
explained the method of deciding adding coefficients of
respective images used to create an HDR image by converting
an intensity of a gamma-converted low-exposure image. This
embodiment will explain an adding coefficient method of
deciding adding coefficient images having different spatial
frequency characteristics by reducing adding coefficient
images which represent adding coefficients of respective pix-
els of low- and high-exposure images at different reduction
ratios. Note that this embodiment it is assumed that an HDR
image is created in a scene shown in FIG. 4A as in the first
embodiment.

FIG. 8 is a circuit diagram showing processing executed
inside the reference intensity creation unit 203 according to
this embodiment. The reference intensity creation unit 203
includes a reduction circuit 801, enlargement circuit 802,
MIN filter circuit 803, and combining coefficient decision
circuit 804 in addition to the reduction circuit 301 which
executes reduction processing of an image, enlargement cir-
cuit 302, and MAX filter circuit 303. The reduction circuit
801 and enlargement circuit 802 are the same as the reduction
circuit 301 and enlargement circuit 302.

The combining coefficient decision circuit 804 converts
pixel values of gamma conversion outputs into adding coef-
ficient images Gz, and Ggx, of low- and high-exposure
images. For example, when a gamma conversion output G; of
an input low-exposure image is as shown in FIG. 9A, the
adding coefficient images G, and Gz, shown in FIGS. 9C
and 9D are created using conversion characteristics shown in
FIG. 9B.

The MIN filter circuit 803 is a conversion filter, which
searches 3x3 surrounding pixels of each pixel of an input
image to have that pixel as the center, and substitutes a mini-
mum pixel value of the surrounding pixels as a new pixel
value of that pixel, contrary to the MAX filter circuit 303.
That is, in an image output from the MIN filter circuit 802, a
region with small pixel values, that is, a high-lightness region
is simply extended by one pixel in upper, lower, right, and left
directions and, conversely, a low-lightness region is reduced
by one pixel in upper, lower, right, and left directions, com-
pared to the input image.

The adding coefficient image G, undergoes reduction,
MAX filter, and enlargement processes by the same method
as that described in FIG. 3 of the first and second embodi-
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ments, thus creating an adding coefficient image G. An
image size to which the MAX filter is applied is decided by
the same method as in the first and second embodiments. For
example, when a size of a small low-luminance region, which
allows to determine that intensity correction is skipped in a
low-exposure image, is 8 pixels, a reduction ratio of the
adding coefficient image G, is 4.

Also, the adding coefficient image G, undergoes reduc-
tion, MIN filter, and enlargement processes by the same
method, thus creating an adding coefficient image Gz, For
example, when a size of a small high-luminance region,
which allows to determine that intensity correction is skipped
in a high-exposure image, is 16 pixels, a reduction ratio of the
adding coefficient image G is Vis.

The created adding coefficient images G, and G, are
output to a combining coefficient decision circuit 204 as
reference intensity images of the low- and high-exposure
images, and are converted into adding coefficients K and KK
using conversion characteristics shown in FIGS. 9E and 9F.
The low-exposure image G; and high-exposure image G, are
multiplied by these adding coefficients K and KK as K and
KK in equation (1) in a combining unit 205, thus creating an
HDR image G, as an addition result.

The adding coefficient image G, includes a broad large-
pixel value region since it is created by the MAX filter pro-
cessing, and pixel values assume large values even at abound-
ary (edge) between low- and high-luminance regions in the
high-exposure image. For this reason, the corresponding add-
ing coefficient K assumes 1.0 in that region.

On the other hand, the adding coefficient image Ggg
includes a broad small-pixel value region since it is created by
the MIN filter processing, and pixel values assume small
values even at a boundary (edge) between low- and high-
luminance regions in the high-exposure image. For this rea-
son, the corresponding adding coefficient KK assumes 0.0 in
that region.

That is, an edge of a high-exposure image can be avoided
from being combined, and an HDR image having an intensity
G, shown in FIG. 9G can be created. That is, in the adding
coefficient image G, a high-lightness region is extended by
the conversion processing in the MAX filter circuit 303 as in
the first embodiment. In the adding coefficient image G, a
high-lightness region is extended by the conversion process-
ing in the MIN filter circuit 803. Hence, regions to be formed
by weighted combination of the low- and high-exposure
images correspond to a low-luminance person region. For this
reason, even when a deviation is generated between images
required to create an HDR image due to image blurs and
shakes of the imaging apparatus, an edge of the high-expo-
sure image can be avoided from being combined in a low-
luminance region.

As described above, by changing the spatial frequency
characteristics of the adding coefficient images for the low-
and high-exposure images, even when an image includes both
a small low-luminance region and small high-luminance
region, whether or not to correct an intensity can be indepen-
dently controlled in the low- and high-exposure images.

Other Embodiments

Aspects of the present invention can also be realized by a
computer of a system or apparatus (or devices such as a CPU
or MPU) that reads out and executes a program recorded on a
memory device to perform the functions of the above-de-
scribed embodiment(s), and by a method, the steps of which
are performed by a computer of a system or apparatus by, for
example, reading out and executing a program recorded on a
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memory device to perform the functions of the above-de-
scribed embodiment(s). For this purpose, the program is pro-
vided to the computer for example via a network or from a
recording medium of various types serving as the memory
device (for example, computer-readable medium).

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2011-024435, filed Feb. 7, 2011, which is
hereby incorporated by reference herein in its entirety.

What is claimed is:

1. An image processing apparatus comprising a hardware
processor used for implementing each of the following units:

an obtaining unit configured to obtain a first image cap-
tured using a first exposure and a second image captured
using a second exposure, wherein the second exposure is
higher than the first exposure;

a creating unit configured to create, from the first image, a
third image in which regions having high lightness ofthe
first image are extended; and

a combining unit configured to perform weighted combi-
nation of respective pixels of the first image and the
second image using adding coefficients which are based
on the third image, wherein the adding coefficients are
predetermined such that the weight of the second image
is larger as a lightness of a corresponding pixel on the
third image is smaller,

wherein the creating unit creates, from the first image, the
third image by performing reduction processing for the
first image, converting the pixel value of each pixel of
the first image performed the reduction processing to a
pixel value having maximum lightness within a pre-set
range centered around the pixel, and enlarging the con-
verted first image, and

the pre-set range includes a range decided based on a value
obtained by multiplying the number of pixels that allows
a deviation of a subject, which is generated between the
first image and the second image obtained by the obtain-
ing unit, by a reduction ratio used to reduce the first
image.

2. The apparatus according to claim 1, wherein the creating
unitapplies low-pass filter processing to the first image before
performing the reduction processing for the first image.

3. The apparatus according to claim 1, further comprising
a detecting unit configured to detect a number of pixels indi-
cating a deviation amount of a subject between the first image
and the second image obtained by the obtaining unit,

wherein the creating unit determines the pre-set range
according to the number of pixels indicating the devia-
tion amount of the subject, which is detected by the
detecting unit.

4. The apparatus according to claim 3, wherein the pre-set
range includes a range decided based on a value obtained by
multiplying the number of pixels indicating the deviation
amount of the subject by a reduction ratio used to reduce the
first image.

5. A control method of an image processing apparatus,
comprising:

an obtaining step of obtaining a first image captured using
a first exposure and a second image captured using a
second exposure, wherein the second exposure is higher
than the first exposure;
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a creating step of creating, from the first image, a third
image in which regions having high lightness of the first
image are extended; and

a combining step of performing weighted combination of
respective pixels of the first image and the second image
using adding coefficients which are based on the third
image, wherein the adding coefficients are predeter-
mined such that the weight of the second image is larger
as a lightness ofa corresponding pixel on the third image
is smaller,

wherein in the creating step, the third image is created from
the first image by performing reduction processing for
the first image, converting the pixel value of each pixel
of'the first image performed the reduction processing to
a pixel value having maximum lightness within a pre-set
range centered around the pixel, and enlarging the con-
verted first image, and

the pre-set range includes a range decided based on a value
obtained by multiplying the number of pixels that allows
a deviation of a subject, which is generated between the
first image and the second image obtained in the obtain-
ing step, by a reduction ratio used to reduce the first
image.

6. A non-transitory recording medium recording a program
for controlling a computer to function as respective unit of an
image processing apparatus, the image processing apparatus
comprising a hardware processor for implementing each of
the following units:

10
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an obtaining unit configured to obtain a first image cap-
tured using a first exposure and a second image captured
using a second exposure, wherein the second exposure is
higher than the first exposure;

a creating unit configured to create, from the first image, a
third image in which regions having high lightness ofthe
first image are extended; and

a combining unit configured to perform weighted combi-
nation of respective pixels of the first image and the
second image using adding coefficients which are based
on the third image, wherein the adding coefficients are
predetermined such that the weight of the second image
is larger as a lightness of a corresponding pixel on the
third image is smaller,

wherein the creating unit creates, from the first image, the
third image by performing reduction processing for the
first image, converting the pixel value of each pixel of
the first image performed the reduction processing to a
pixel value having maximum lightness within a pre-set
range centered around the pixel, and enlarging the con-
verted first image, and

the pre-set range includes a range decided based on a value
obtained by multiplying the number of pixels that allows
a deviation of a subject, which is generated between the
first image and the second image obtained in the obtain-
ing step, by a reduction ratio used to reduce the first
image.



